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(54) FiWer element 

(57) A filter element comprises: 

a bundle of hollow fibre type separation membranes 
(1) made of a natural or synthetic macromoiecular 
material, said bundle having an opening in at least 
one terminal part thereof; and 
a sealed part (2) made of a thermoplastic resin, 
bonded to said bundle at a temperature not higher 
than a melting or decomposing temperature of said 



macromoiecular material, and adapted to seal 
watertightly said opening of said bundle in a half- 
bonded state showing no compatibility with said 
macromoiecular material and permitting persist- 
ence of a mutual interface of bondage. 
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The invention will be better understood and objects, features and characteristics thereof, other than those set forth 
above will become apparent when consideration is given to the following detailed description thereof, which makes ref- 
erence to the accompanying drawings, wherein :- 

FiG. 1 is a schematic front view shewing one example of a filter element according to this invention; 
FIG. 2 is a schematic front view showing another example of a filter element according to this invention; 
FIG. 3 is a photomicrograph showing the open terminal part of the filter element of FIG. 1 at x100 magnification; 
FiG. 4 is a photomicrograph showing the open terminal part of the filter element of FIG. 1 at x200 magnification; 
FIG. 5 is a half -cut cross section showing one example of a cartridge accommodating and protecting the filter ele- 
ment of FIG. 1 ; 

FIG. 6 is a schematic front view of a device incorporating therein another example of a cartridge of the filter element 
according to this invention; and 

FIG. 7 is a half-cut cross section showing one example of a module accommodating and protecting still another 
example of the fitter element according to this invention. 

The filter element contemplated by this invention, as shown in FIG. 1 or FIG. 2, comprises a plurality of hollow fibre 
type separation membranes 1 made of a macromolecular material and a sealed part 2 made of a thermoplastic resin 
for watertightly sealing the open terminal parts of the bundled hollow fibre type separation membranes 1 in a half- 
bonded state showing no compatibility with the macromolecular material and permitting persistence of the mutual inter- 
face of bondage. 

Appropriately the hollow fibre type separation membranes 1 are such asymmetric hollow fibre type separation 
membranes as reverse osmosis membranes, ultrafilter membranes, or gas separation membranes which have a 
smooth skin layer on the inner surface thereof and a minutely jogging (non-smooth) support layer on the outer surface 
thereof. The separation membranes 1 appropriately have a microporous texture containing pores of a largest diameter 
in the range of 0.01 to 5 |im. The material for the hollow fibre type separation membranes 1 is appropriately a flexible 
natural or synthetic macromolecular compound such as cellulose, cellulose ester, polysulfone. polyether sulfone. poly- 
propylene, polyethylene, poiyamide or poiyacrylonitrile. It may be othenwise such an inorganic substance as metal, 
glass, or ceramic substance. 

The material for the sealed part 2 appropriately is such a thermoplastic resin as exhibits perlect flowability at the 
melting temperature thereof. As concrete examples of the thermoplastic resin advantageously used herein, olefin type 
resins such as polyethylene and polypropylene, copolymers of tetrafluoroethylene with polyfluoroalkyt ethers resem- 
bling in molecular structure to polyethylene and polypropylene (referred to hereinafter as "PFA"), and such fluorine type 
resins as polytetrafluoroethylene (referred to hereinafter as "PTFE") and fluorinated ethylene propylene (referred to 
hereinafter as "PEP") may be cited. It is essential that this material should possess a melting point lower than the melt- 
ing or decomposing temperature of the material for the hollow fibre type separation membranes 1 . Preferably, the dif- 
ference between said temperatures of the two materials is not less than 2Q<'C. The selection of the material for the 
sealed part 2 depends on the chemical properties of the fluid under treatment and the conditions of use thereof. 

Generally when two shaped articles using thermoplastic resins as raw materials and obtained by the method of 
forming such as injection moulding or extrusion moulding are thermally fused to each other, it is essential that their raw 
materials should be compatible with each other. More often than not the asymmetric separation membranes such as 
reverse osmosis membranes or ultrafilter membranes which are possessed of a skin layer and a support layer have a 
relatively smooth skin layer on the inner surface thereof and nevertheless a minutely jogging support layer on the outer 
surface thereof. The microporous precision filter membranes simifariy have a minutely jogging outer surface. These fil- 
ter membranes, therefore, are capable of physically thorough watertight sealing owing to the anchor effect arising from 
the entry of the fused member into the minutely jogging outer surface even in the absence of compatibility with the fused 
member. 

In the open terminal parts of the bundled hollow fibre type separation membranes 1 . by selectively melting the raw 
material for the sealed part 2 and consequently forming the sealed part 2 while permitting persistence of a definite inter- 
face of bonding between the hollow fibre type separation membranes 1 and the sealed part 2 instead of using a ther- 
moplastic resin identical to or compatible with the raw material for hollow fibre type separation membranes 1 and 
attaining thorough mutual fusion, therefore, the deterioration of the parts of the hollow fibre separation membranes 1 
embedded in the sealed part 2 and the neighbourhood of the base of the sealed part 2 due to the influence of heat can 
be repressed to the smallest possible extent and. at the same time, the hollow fibre type separation membranes 1 can 
be made to keep the inherent flexibility intact. Thus, the produced filter element is strong enough to withstand chemical 
and physical invasion and is capable of ensuring infallible bondage between the open terminal parts of tfie burbled hol- 
low fibre separation membranes 1 and the sealed part 2. 

The methods which are available for the formation of the sealed part 2 include (1) a method which comprises pre- 
paring paste by suspending a fine powder of the raw material for the sealed part 2 in alcohol, dipping the open terminal 
parts of the bundled hollow fibre type separation membranes 1 into the paste, baking the bundle in an atmosphere of a 
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Honow fibre type separation membranes 150 mm in length usng pdyproi^ene resin as the raw material and man- 
ifesting a flexure under weight of 30 mm in the free end of a cantilever and a strength of i SO gf/membrane at rupture 
are bundled so that the ratio of the cross section of the sealed part to the total cross section of the bundled hollow fibre 
type separation membranes may fail in the range of 30 to 65%, and the open terminal parts of the bundled hollow fibre 
5 type separation membranes are sealed. 

The polyethylene resin as the raw material for the sealed part is melted at a temperature not higher than the ther- 
mally melting temperature or the decomposing temperature of the polypropylene resin as the raw material for the hollow 
fibre type separation membranes and not lower than the melting temperature of the polyethylene resin, and the open 
terminal parts of the bundled hollow fitwe type separation membranes are inserted in the resultant melt. At this time, the 
w polyethylene resin has a melt viscosity in the range of 50,000 to 500,000 cp and the hollow ftore type separation mem- 
branes are inserted at a rate in the range of 0.05 to 5 mm/min. 

Subsequently, the molten polyethylene resin is gradually cooled and solidified at a temperature about 20*^0 lower 
than the melting point of the polyethylene resin to form a sealed part in a half -bonded state showing no perfect compat- 
ibility with the hollow fibre type separation membranes and permitting persistence of a definite interface of bondage 
15 therebetween. Then, the open terminal parts of the bundle of a plurality of hollow fibre type separation membranes 
watertightly sealed in the sealing part are opened by cutting off or thermally melting the leading ends of the sealed part. 

Now, working examples of the module of filter element according to this invention will be described in detail below 
in combination with comparative experiments, 

20 Comparative Experiment 1 

A module of filter element was formed by bundling 590 hollow fibre type separation membranes made of polypro- 
pylene, 0.1 fim in maximum pore diameter, 400 in outside diameter and 250 jim in inside diameter, inserting the 
bundle in an outer tube made of polycarbonate, and forming a sealed part made of polyurethane by the conventional 
25 method of centrifugal casting. Then, this module of filter element was kept immersed in isopropyl alcohol at room tem- 
perature for 100 days, dried at 60°C for 48 hours, again immersed in isopropyl alcohol, and tested by the standard 
method for the determination of bubble point. The test could not be accomplished because the sealed part of poly- 
urethane and the outer tube of polycart>onate separated along the interface of bondage. 

30 Comparative Experiment 2 

A module of filter element was formed by bundling 800 fibre type separation membranes made of polysulfone. 0.1 
jjm in maximum pore diameter. 450 ^m in outside diameter and 300 ^m in inside diameter, inserting the bundle in an 
outer tube made of polycart>onate, and forming a sealed part made of epoxy resin by the conventional method of cen- 
35 trifugai casting. Then, this module was kept immersed in an aqueous alkaline detergent solution of pH 12 at 60°C for 
two weeks, washed with water, and tested with water for the determination of bubble point. The test could not be accom- 
plished because the sealed part of epoxy resin and the outer tube of polycarbonate separated along the interface of 
bondage. 

40 Comparative Experiment 3 

An effort to form a module of filter element by bundling 600 hollow fibre type separation membranes made of poly- 
propylene. 0.1 |im in maximum pore diameter. 400 Mm in outside diameter and 250 iim in inside diameter, preparing 
paste by suspending fine powder of polypropylene in methyl alcohol, applying the paste to the open terminal parts of 

45 the bundled hollow fibre type separation membranes, inserting the bundle in an outer tube made of polypropylene, and 
forming a sealed part by locally heating the neighbourhood of the open terminal parts of the hollow fibre type separation 
membranes at IBO^C in accordance with the method disclosed in JP-P-A-0 1-1 64405 failed because the neighbourhood 
of base of the sealed part of the hollow fibre type separation membranes was melted and, at the same time, the parts 
of the hollow fibre type separation membranes embedded in the sealed part were melted and wholly disintegrated. 

50 The formation of a module of filter element capable of resisting chemical and physical invasion by using a thermo- 
plastic resin as the material for a sealed part formed in the open terminal parts of bundled hollow fibre type separation 
membranes has been conceived as partly disclosed in JP-P-A-01 -164405. As demonstrated in the comparative exper- 
iments, however, the measure which consists in using as the material for a sealed part a thermoplastic resin simply on 
account of compatibility thereof with the hollow fibre type separation membranes and thermally melting this thermoplas- 

55 tic resin actually was capable of forming the sealed part only with a resin of very poor flowability at tfie melting point 
even when the material for the hollow fibre type separation membranes was such a thermoplastic resin as PIPE 
because the neighbourhood of the base of the sealed part of the hollow fibre type separation membranes and the part 
embedded in the sealed part were liable to melt and disintegrate. 
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membranes, 13 for a housing for accommodating and protecting a bundle of a plurality of the hollow ihre type semiper- 
meable membranes 1 1, 13a for the main body of the housing 13, 13b and 13c each for the cap for the housing 13, 14 
for an O ring. 1 5 for an inlet fw a fluid, and 16 for an outlet for the fluid. The sealed part 1 2 watertightly seals the open 
terntinal parts of the t^ndled hollow ftore type semipermeabie membranes 1 1 and. at the same time, watertightly 

5 adheres by fusion to the inner wall surface of the open terminal part of the main body 1 3a of the hoising 1 3. 

It is clearly noted from the description given above that since the fBter element according to this invention has the 
sealed part thereof formed in a half-bonded state with hollow fbre type s^ration membranes and consequently per- 
mits persistence of an interface of lx)ndage therebetween, the hollow fibre type separation membranes offer strong 
resistance to chemical and physical invasion at no sacrifice of the inherent physical properties and have no possibility 

10 of being disintegrated or deteriorated by the heat being used during the formation of the sealed parts. Further, the 
sealed part can cope with various fluids because the raw material tlierefor is not limited to a substance identical to or 
conpatible with the raw material for the hollow fibre type separation membranes. 

Claims 

15 

1 . A filter element comprising: 
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a ixjndle of hollow fbre type separation membranes (1) made of a natural or synthetic macromoiecular mate- 
rial, said Ixjndle having an opening in at least one terminal part thereof; arxi 

a sealed part (2) made of a thermoplastic resin, bonded to said bundle at a temperature not higher than a melt- 
ing or decomposing temperature of said macromoiecular material, and adapted to seal watertightly said open- 
ing of said bundle in a half-bonded state showing no compatibility with said macromoiecular material and 
permitting persistence of a mutual interface of bondage. 

2. A filter element according to claim I, wherein said hollow fibre type separation membranes are asymmetric mem- 
branes having a smooth skin layer on an inner surface thereof and a finely jogging support layer on an outer surface 
thereof. 

3. A filter element according to claim 2, wherein said asymmetric membranes are reverse osmosis membranes. 
A filter element according to claim 2, wherein said asymmetric membranes are ultrafilter membranes. 

5. A filter element according to claim 2. wherein said asymmetric membranes are gas separation membranes. 

35 6. A filter element according to any preceding claim, wherein said hollow fibre type separation membranes are micro- 
porous hollow fibre type separation membranes containing pores of a largest diameter in the range of 0.01 to 5 pm. 

7. A filter element according to any preceding claim, wherein said macromoiecular material is one member selected 
from the group consisting of cellulose, cellulose ester, polysulfone. polyether sulfone, polypropylene, polyethylene, 

^0 polyamide, and polyacrylonitrile. 

8. A filter element according to any preceding claim, wherein said thermoplastic resin is one member selected from 
the group consisting of a polyolefin type resin, a copolymer of tetrafluoroethylene with polyf luoroafkyi ethers and a 
fluorine type resin. 

45 

9. A filter element according to claim 8. wherein said polyolefin type resin is one member selected from the group con- 
sisting of polyethylene and polypropylene. 

10. A filter element according to claim 8. wherein said fluorine type resin is one member selected from the group con- 
50 sisting of polytetrafluoroethylene and fluorinated ethylene propylene. 

11. A filter element according to any preceding claim, wherein said hollow fibre type separation membranes have a 
length of 150 mm. manifest a flexure of not more than 65 mm at a free end thereof under their own weight when 

. :r> supported rn the manner of a cantitever^^and exhibit strength of not less than 60 gf/membrane at rupture 
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FIG. 3 
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FIG. 6 
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